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In a recent study by Niu and Twitty (1950) which dealt with the origin of epi-

dermal melanophores during metamorphosis in the California salamander Triturus

torosus, the following observations were made. Dermal melanophores which con-

stitute the primary melanophore population during larval stages were observed to

undergo autonomous disintegration shortly before metamorphosis. Phagocytic cells

which gave the typical staining reactions for macrophages were observed to move into

the dermis and ingest the fragments of disintegrating melanophores. Some of these

cells, termed "melanophages," w-ere subsequently seen to differentiate into typical

melanophores which took their position in the epidermis and were thereafter in-

distinguishable from other epidermal melanophores in the skin. The conclusion to

this paper contained a suggestion which was of particular interest : namely, "that

the course of cellular differentiation is susceptible to control or modification in ac-

cordance with the specific character of substances transmitted or introduced through
the cytoplasm" (p. 647).

The present experiments were undertaken for the purpose of examining this

phenomenon in another species in which the details of cellular behavior are particu-

larly favorable for observation. For this purpose the larvae of the clawed African

toad, Xenopus laevis were used (see Weisz, 1945a, 1945b for normal development).
In Xenopus larvae, the posterior third of the tail is abundantly supplied with

melanophores, but the anterior %of the ventral fin is entirely free of pigment cells.

In this pigment-free region, the fin is very thin and completely transparent so that the

details of cell activity can be observed with great clarity.

The animals used in the following study were derived from the Xenopus colony
maintained at the Zoologisches Institut, Bern. The eggs were obtained by hor-

monally induced spawning following the injection of estrogenic hormones into

the dorsal lymph space of mature male and female animals. The method was that

of Gasche (1943) and modified by Andres et al. (1948). The eggs were permitted
to develop until the feeding stage and thereafter the larvae were fed a suspension of

nettle powder as recommended by Gasche (1943, 1944). Larvae ranging in length
from 10 to 20 mm. were used in the experiments and all operations and observations

were carried out on animals narcotized in one part MS 222 (Sandoz) to 7000 to
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10,000 parts aquarium water. A special slide was constructed for the observation

of the larvae and it served the dual purpose of preventing drying and at the same
time elevating the fin so that high power objectives could be brought to bear on the

field without endangering the thick head and trunk regions of the body. This slide

consisted of a standard 1x3 inch slide upon which were mounted two halves of

another slide, one on top of the other. They were sealed in place by deKhotinsky
cement which is highly water resistant and excellent for this purpose. At one end
of the mounted glass pieces was attached a "U"-shaped glass rod, 3 mm. in diameter.

The latter provided a small well to hold narcotizing fluid and the head and trunk of

the larva. During periods of observation, a small piece of lens paper one cm. square
was placed over the head and trunk and capillarity thereafter prevented drying of the

delicate epidermis. The tail of the larva extended on the elevated area of the slide

and was covered by a standard 22 mm. square cover glass bearing two small drops
of bee's wax at the corners placed nearest the body. This supported the cover glass
at one end and permitted it to fit the tapered contour of the tail without applying pres-
sure that would interfere with circulation.

The experimental procedures were as follows. Two cubic mm. of the hormone
intermedin (2000 units vairon per cc. Intermedin, Choay Lab. Paris) from the in-

termediate lobe of the pituitary were injected intramuscularly at the base of the tail

by means of a fine glass mouth-pipette. This hormone has the well known ability

to cause melanophore expansion (Hogben and Slome, 1931 ; Zondek and Krohn,

1932a, 1932b; Parker, 1940). Two hours after injection, the animals with their

melanophores fully expanded were narcotized and one melanophore at the edge of

the pigment-free area of the ventral fin was cut into two unequal halves. One part
contained the nucleus, and the other consisted of pseudopodial extensions of the cell

body (N and F, Fig. 1A-F). All operations were done free-hand at 100 X magni-
fication by means of a finely sharpened steel needle. A small notch was also made
at the edge of the fin to mark the general location of the cut melanophore. A camera
lucida drawing was made of the region immediately after operation ;

this figure

showed, in addition to the cut cell, the adjacent capillaries, nerves, and melanophores
so that there could be no question concerning the position of the cut cell at a later

time. These cut cells were observed daily and re-drawn by camera lucida. Most
cases were followed for 7 to 10 days, and a few were maintained for as long as S1A
weeks. One representative case history is given in Figures 1A-F.

Shortly after cutting, a few, and frequently many, melanin granules were re-

leased from the pigment cell. These granules were freely dispersed in the jelly

matrix of the fin in the vicinity of the cell. The amputated pseudopodia tended to

contract slightly during the first day following transection, and during the second

day phagocytic cells usually completed the process of engulfing all except the largest

cell fragments (Figs. 1A, B, C). The latter were frequently observed to remain in-

tact for over a week. The phagocytes which participated in ingestion of melanophore

fragments and pigment granules were of two varieties : 1 ) spherical or oval cells from

the blood stream, which entered the field from adjacent capillaries, and 2) stellate

mesenchyme cells in situ in the matrix of the fin. The former correspond to the

"free macrophages" and the latter to the "fixed macrophages" referred to in the

literature on the reticulo-endothelial system (see reviews by Levi, 1934 ; Chevremont,

1942). Preliminary experiments which in part duplicated the results of Vierling
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FIGURES IA-F. A case history n/ inacrophagc iiu/cslion of fragments of a cut melanophore
(camera lucida tracings). 1A, after 24 hours; IB, 2 days; 1C, 3 days; ID, 4 days; IE, 5 days,

just before injection of intermedin; IF, 2 hours after IE. Abbreviations; cap., capillary; F,
non-nucleated melanophore fragment ; N, nucleated melanophore fragment ;

M
, normal melano-

phores ; 1-11, macrophages with ingested melanophore fragments or melanin granules.

(1926) showed that both of these cell types had a pronounced tendency to accumulate

carmine injected into the fin.

The amount of melanin taken up by a single macrophage varied from a few

granules (cells 5, 6, 10, 11, Figs. 1B-F), to such great quantities that the cell ap-

peared to be gorged by the ingested particles (cells 1, 2, 3, 4 and 9). In general,
those cells which contained only a moderate amount of melanin retained the particles

longer than those containing excessive amounts. Some of the cells with fewer than
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a dozen granules retained these particles for as long as 5 weeks. Macrophages con-

taining large cell fragments usually cast off these particles into the matrix of the

fin after 7 to 10 days, or, as was observed in three separate instances, the cells mi-

grated into a capillary and were carried away by the blood stream (cells 7 and 8).

The majority of macrophages containing ingested melanin usually remained in the

vicinity of the cut melanophore ; however, some of these cells showed marked activity

(cells 6, 9, 10, and 11) and it was found to be impractical to attempt to follow cells

that moved any great distance from the original field.

In none of the cases followed was there any evidence that the macrophages had

acquired the ability to synthesize pigment after having phagocytized melanophore

fragments. The ingested particles were generally clustered in the interior of the

cells in discrete clumps which were quite different in appearance from the arrange-
ment found in normal melanophores. It was not determined whether or not these

large aggregations of melanin were contained in vacuoles ; however, individual

melanin grains appeared to be free in the cytoplasm. Some macrophages with

moderate to large amounts of ingested material gave a superficial resemblance to

contracted pigment cells (cells 2 and 3) and at first it was thought that these cells

might indeed be melanophores in a true sense, since, under usual conditions, the

normal melanophores remain in the contracted phase. In order to provide a decisive

test to determine whether or not these cells did possess the physiological properties
of melanophores, it was decided to see if they would respond in a typical manner to

the influence of the hormone intermedin. To this end, four units of the hormone
were injected into the base of the tail in the manner already described. Following
these injections, not one of the "pseudo-melanophores" responded, whereas host

melanophores became expanded maximally, as did the nucleated half of the cut

melanophore (see Figs. 1E-F). Since the macrophages gave no response to the

hormone, and never gave any indication that they were actively synthesizing melanin,

it can be concluded that under the conditions of these experiments, at least, the in-

gestion of melanin did not stimulate macrophages to become melanophores. In

this respect the macrophages of Xcnopus larvae differed from these observed by
Niu and Twitty (1950) in Triturus torosus.

It should be borne in mind that the observations of Niu and Twitty were based

on normal and not on experimental conditions of behavior. Moreover, the observa-

tions on T. torosus were made on metamorphosing animals : a time notable for ex-

tensive developmental changes which take place under the influence of meta-

morphosing hormones. The latter fact makes it particularly difficult to compare the

results of Niu and Twitty with those on Xenopus larvae. Furthermore, it was

pointed out by Niu and Twitty that not all macrophages which ingested melanophore

fragments in T. torosus became converted into melanophores ;
this particular feature

is abundantly confirmed by the present study.
'

Both studies therefore demonstrate

that the ingestion of specific types of cellular debris does not play a constant role in

determining the fate of the macrophages in question. The only histological trans-

formation of these cells observed in the present experiments was the ready conversion

of spherical "free macrophages" from the blood stream into stellate "fixed macro-

phages" indistinguishable from the mesenchyme cells of the fin matrix (cells 5 and 6) .

The reciprocal change was not so clearly demonstrable even though some of these

stellate cells were observed to migrate into capillaries (cell 8). No clear-cut case
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was noted in which a mesenchyme cell assumed the typical, pseudopod-free, spheri-

cal, character of those cells which originated in the blood stream. A final considera-

tion which should be kept in mind in attempting to compare the results from T.

torosus and Xenopus laevis is the importance of genetic differences which may well

play a very significant part in restricting the developmental capacities and behavior

properties of macrophages in the two species.

One additional observation on macrophage behavior in Xenopus is included at

this time even though it is only indirectly related to the foregoing question of macro-

phage determination following ingestion of cytoplasmic particles. This concerns

differences in the response of nucleated and non-nucleated melanophore fragments
to the influence of the hormone intermedin. It was noted that within two or three

hours after an expanded melanophore was cut, the influence of injected intermedin

to a large measure disappeared (Figs. 2A B). The nucleated half along with the

great majority of host melanophores underwent a contraction of granules into a

dense mass around the nucleus. The non-nucleated fragments showed less tendency

O.I MM.

FIGURES 2A-C. The influence of intermedin on nucleated and non-nucleated fragments of

melanophores (camera lucida tracings). 2A, 3 melanophores expanded by an injection of inter-

medin 2 hours previously and drawn immediately after cutting ( N, nucleated half
; F, non-nucleated

fragment) ; 2B, the same cells 2 hours later, after contraction of melanin has begun and just be-

fore a second injection of intermedin; 2C . the same cells 2 hours after the second injection of

intermedin
;

note that only the nucleated fragments have expanded after cutting.

to contract. When intermedin was again injected into these animals two hours after

cutting, the nucleated fragments and the normal cells quickly expanded, whereas the

non- nucleated parts remained unchanged (Figs. 2B and 2C). These preliminary
observations suggest that the cytoplasm of the melanophore requires the presence of

the nucleus in order to respond to the expanding stimulus of the hormone intermedin.

In any event it would appear that the ability to respond to the hormone is lost by the

cytoplasm within the first four hours after separation from the nucleus.

SUMMARY

1. The hormone intermedin was injected into Xenopus larvae to induce pigment
cell expansion. In the expanded condition melanophores were cut and macrophage
ingestion of melanin granules and cell fragments was observed.
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2. Macrophages retained parts of the ingested pigment cells for from one to

five weeks. However, in no instance were these macrophages observed to synthesize

melanin or to exhibit the physiological characteristics of melanophores as judged by
their responsiveness to intermedin.

3. Preliminary observations on the influence of intermedin on nucleated and

non-nucleated fragments of melanophores suggest that the cytoplasm of these pigment
cells requires the presence of the nucleus in order to respond to the expanding stimu-

lus of this hormone.
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